This single centre study assessed the incidence, kinetics and predictive factors of EBV reactivation and EBVrelated lymphoproliferative diseases (LPD) in 33 consecutive patients who received a reduced intensity conditioning (RIC) before umbilical cord blood transplantation (UCBT). During the first 6 months after UCBT, weekly all patients were DNA-PCR screened in the peripheral blood for EBV reactivation and were clinically monitored for clinical features attributable to EBV. The cumulative incidences of EBV reactivation (defined as an EBV load 41000 EBV copies per 10 5 cells measured at least once during follow-up) at 6 months and 2 years after UCBT were 9 (95% confidence interval (CI), 2-22%) and 17% (95% CI, 6-33%), respectively. In 28 patients (85%), the EBV load remained negative at all times, and none of these patients experienced any sign of LPD. Five patients (15%) experienced at least one EBV reactivation episode. EBV reactivation was observed at a median of 132 days (range, 85-438) after UCBT. Two patients developed EBV-related LPD (cumulative incidence, 6% at 3 years). With a median follow-up of 468 days (range, 92-1277) post UCBT, the OS was 62% at 3 years. Five patients died of disease progression and seven patients died of transplant-related complications, including one case of EBV-related LPD. Univariate analysis did not identify any significant risk factor associated with EBV reactivation. We conclude that patients undergoing RIC UCBT are at risk for EBV reactivation, with the need for close EBV monitoring and the use of preemptive rituximab treatment as some cases may progress to lifethreatening LPD.
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Introduction
Umbilical cord blood (UCB) is being increasingly used as an alternative source for patients who require allogeneic hematopoietic SCT (allo-HSCT) but who lack an HLAmatched donor. 1, 2 Compared with grafts from unrelated adult donors, UCB has advantages of immediate availability, easy procurement with no risk to the donor, low risk of infection transmission, greater tolerance of HLA disparity and lower than expected incidence of severe GVHD. 3, 4 On the other hand, reduced intensity conditioning (RIC) regimens are also increasingly used before allo-HSCT with the aim to decrease TRM in elderly patients, heavily pretreated patients or patients with medical comorbidities precluding the use of standard myeloablative preparative regimens. 5 The majority of these RIC protocols are designed to produce a state of profound immunosuppression rather than myeloablation. 6 Following allo-HSCT, EBV reactivation and EBV-related proliferation are well recognized complications. 7 EBV reactivation may be associated with a spectrum of clinical presentations, going from fever to lymphoproliferative disease (LPD), which arise as a consequence of an outgrowth of B cells latently infected with EBV in the setting of loss or suppression of normal cytotoxic T-cell surveillance. Risk factors for EBV-related complications include the degree of mismatch between donor and recipient, manipulation of the graft to deplete T cells, and degree and duration of immunosuppression used to prevent and treat GVHD. 7 Despite concerns regarding immune reconstitution following UCB transplantation (UCBT), early reports documented the rates of EBV-LPD to be comparable to those documented after HLA-matched unrelated BM or PBSC HSCT. 8 However, a marked increased risk of EBV-LPD has been observed with the use of RIC before UCBT. 9 With this background, the aim of this analysis was to investigate the incidence and potential risk factors predicting EBV reactivation following RIC UCBT and to assess its impact on clinical outcome.
Patients and methods

Study design
A total of 33 consecutive patients who received an RIC UCBT for hematological malignancies in a single institution (University Hospital of Nantes, Nantes, France) between January 2005 and June 2009 were included in this retrospective study. During this study period, UCBT was performed in those patients lacking an HLA-matched related or unrelated donor. In our transplant program, eligibility criteria for RIC that preclude the use of standard myeloablative conditioning include: (i) patient age, older than 50 years, (ii) heavily pretreated patients who received autologous HSCT and/or more than two lines of chemotherapy before allo-HSCT and (iii) patients with poor performance status because of significant medical comorbidities. 10 Written informed consent was obtained from each patient. The study was performed according to institutional guidelines. Patients participated in investigational protocols approved by the Institutional Review Board and the local ethics committee.
Conditioning regimen
The conditioning regimen included fludarabine, cyclophosphamide and low dose TBI in 29 cases (88%). In this regimen, fludarabine was administered i.v. over 5 days for a total dose of 200 mg/m 2 , cyclophosphamide over 1 day with a total dose of 50 mg/kg. Patients received low dose TBI of 2 Gy. 9 Antithymocyte globulin (ATG; Thymoglobulin; Genzyme, Lyon, France; 2.5 mg/kg per day infused over 2 days) was added in four cases who had received o2 cycles of multiagent chemotherapy within the 2 months before UCBT. Three patients (9%) received a non-TBI-based regimen, including fludarabine 150 mg/m 2 total dose, cyclophosphamide 100 mg/kg total dose and ATG 5 mg/ kg total dose. Finally, one patient with active leukemia received a combination of clofarabine (150 mg/m 2 total dose), cytarabine (5000 mg/m 2 total dose), cyclophosphamide (60 mg/kg total dose), i.v. busulfan (6.4 mg/kg total dose) and ATG (5 mg/kg total dose).
Grafts HLA A, B serologic typing and DRB1 high-resolution typing were performed for both patients and UCB units. Selected UCB units displayed a 4/6, 5/6 or 6/6 HLA donorrecipient matching. In 30 of 33 cases (91%), and as per institutional guidelines, 2 UCB units were used to increase the total number of nucleated cells infused to the patient (target total number of nucleated cells 42.5 Â 10 7 /kg before thawing). The day of UCBT infusion was designated as day 0. After thawing, patients received a median of 4.0 Â 10 7 total number of nucleated cells per kg recipient body weight (range, 2.2-5.8), and a median of 0.9 Â 10 5 per kg recipient body weight (range, 0.2-3.7) of CD34 þ cells. To accelerate engraftment, all patients received granulocyte CSF (G-CSF) starting from day 5 after UCB infusion.
GVHD prophylaxis and treatment
All patients (n ¼ 33) received post transplantation immunosuppression with CsA and mycophenolate mofetil. CsA was administered at a dose of 3 mg/kg by continuous i.v. infusion starting from day À3 or À2 and changed to twice daily oral dosing as soon as tolerated, adjusted to achieve blood levels between 150 to 250 ng/mL and to prevent renal dysfunction. Mycophenolate mofetil was administered at a fixed oral dose of 2 g per day starting from day 0. In the absence of GVHD, mycophenolate mofetil and CsA were tapered over 4 weeks starting from day 60 and day 100-120, respectively.
11 Acute and chronic GVHDs were graded according to the Seattle standard criteria. Grades II to IV acute GVHD were usually treated with corticosteroids 2 mg/kg per day, followed by a progressive taper in the absence of GVHD exacerbation. Extensive chronic GVHD was treated with the combination of CsA and corticosteroids (1 mg/kg per day) followed by a slow taper in the absence of GVHD exacerbation.
Infection prophylaxis, monitoring and supportive care UCBT was performed in rooms with laminar airflow devices. All blood products were leukocyte depleted and irradiated before transfusion. No antibacterial prophylaxis was delivered before engraftment. Oral fluconazole (400 mg per day) and valacyclovir (500 mg Â 2 per day) were given to all patients starting from day 0. Amoxicillin or penicillin was used after neutrophil recovery to prevent encapsulated bacterial infections. 12 Similarly, cotrimoxazole prophylaxis against Pneumocystis jiroveci and toxoplasmosis was started after neutrophil recovery. CMV, EBV, adenovirus and Human Herpes Virus 6 were routinely screened by quantitative PCR. 13 EBV monitoring and therapy During the first 6 months after UCBT and in patients treated for GVHD, weekly DNA-PCR screening was performed in the peripheral blood for EBV reactivation and all patients were clinically monitored for clinical features attributable to EBV. After the first 6 months, if no reactivation occurred, the screening for EBV was regularly performed (usually monthly) and whenever clinically relevant, until full immune reconstitution of the patient was achieved. Total nucleic acids were extracted from 200 mL EDTA of whole blood with a MagNAPure LC instrument and the MagNAPure LC DNA isolation kit (Roche Molecular Biochemicals, Mannheim, Germany) according to the manufacturer's recommendations and stored in a final volume of 100 mL at À20 1C until further analysis. DNA quantifications were performed using realtime PCR procedures, as previously described.
14 Briefly, EBV (BNRF1 gene) was quantified on 5 mL DNA extracts and viral loads were expressed as the number of viral DNA copies. EBV reactivation was defined as any EBV PCR load above 1000 copies of EBV DNA per 10 5 cells. EBV-LPD was defined as biopsy-or autopsy-proven post transplantation lymphoma or reactivation along with computerized tomography nodal or soft-tissue abnormalities consistent with LPD. Patients with EBV viral load 41000 copies per 10 5 cells on at least two consecutive occasions were treated with the anti-CD20 MoAb, rituximab at a dose of 375 mg/m 2 weekly until clearance of EBV reactivation (usually for a maximum of four infusions). 15 For the purpose of this analysis, detailed data related to EBV were captured on designated report forms from medical charts by one of the coauthors (ZP).
Statistics
All time-related data were measured from the day of allo-HSCT. CR and OS were defined according to standard criteria. OS was estimated with the Kaplan-Meier method and subgroups were compared with the log-rank test. TRM and EBV incidences were evaluated using the cumulative incidence method treating death as a competitive risk 16, 17 and subgroups were compared using the Gray test. 18 Potential risk factors for EBV reactivation were compared between cases (patients with EBV reactivation) and controls (patients without EBV reactivation) using the Mann-Whitney test for continuous variables and the Fisher's exact test for categorical variables. Evaluated variables included patient age, patient gender, CMV recipient serologic status, EBV recipient serologic status, diagnosis (myeloid or lymphoid malignancies), disease status (standard or high risk), number of CB units, HLA matching, conditioning regimen (with or without ATG and with or without TBI), GVHD prophylaxis, CD34 þ cells and total number of nucleated cell counts, and acute GVHD (0-I/II/III-IV, not time-dependent variable). All data were computed using the R package (R Development Core Team, 2006. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.org.)
Results
Patients' characteristics and engraftment
Patients' characteristics are summarized in Table 1 . Briefly, the median age of recipients was 50 years (range, 18-66). In all, 19 patients (58%) had a myeloid malignancy, whereas 12 (36%) patients were diagnosed with lymphoid malignancies. The remaining two patients (6%) were treated for severe aplastic anemia. According to their disease features, 27 (82%) patients were considered as high-risk. In our series, 16 patients (49%) received RIC regimen before allo-HSCT because of their older age, 6 patients (18%) were heavily pretreated before allo-HSCT and in 11 patients (33%), myeloablative conditioning was precluded because of significant medical comorbidities. Engraftment occurred in 25 patients (76%) at a median time to neutrophil recovery (ANC 40.5 Â 10 9 /L) 12 days after UCBT (range, 8-60). The remaining eight patients (24%) did not engraft. At last follow-up, four of them died due to disease progression, and the remaining four are still alive with autologous recovery. Clinically significant grade II to IV acute GVHD occurred in five of cases (15%) and severe grade III to IV acute GVHD occurred in two of cases (6%). In all, 3 patients died during the first month and 24 (73%) patients were alive at day 100 after allo-HSCT. At 3 and 12 months after UCBT, the cumulative incidences of TRM were 12 (95% CI, 4-26%) and 22% (95% CI, 9-38%), respectively ( Figure 1a) . Chronic GVHD was diagnosed in eight of cases (24%), with extensive chronic GVHD occurring in one of these patients.
EBV-related events
The cumulative incidences of EBV reactivation at 6 months and 2 years after UCBT were 9 (95% CI, 2-22%) and 17% (95% CI, 6-33%), respectively (Figure 1b) . In 28 patients, the EBV load remained o1000 EBV copies per 10 cells at all time, and none of these patients experienced any sign or symptom of LPD. The remaining five patients experienced at least one EBV reactivation episode (EBV load 41000 EBV copies per 10 5 cells measured at least once during follow-up). None of the patients who did not engraft experienced EBV reactivation. The characteristics of the five patients who experienced EBV reactivation are described in Table 2 . EBV reactivation was observed at a median of 132 days (range, 85-438) after UCBT, with three (60%) reactivation episodes occurring during the first 6 months. Among patients experiencing EBV reactivation, two patients received ATG as part of their RIC. Among these five patients, one patient experienced an EBV load superior to 1000 per 10 5 cells at a single time point after UCBT. In this patient, there were no concomitant clinical symptoms and the EBV load normalized spontaneously. Four patients who had EBV DNA levels exceeding 1000 copies per 10 5 cells on two or more occasions were treated with a median of 3 (range, 1-8) rituximab infusions. Two patients responded to rituximab, but two patients developed LPD (cumulative incidence, 6 % at 3 years). One of these two patients died before receiving any other anti-EBV therapy. In the other patient, LPD could be controlled after additional chemotherapy, radiotherapy and two infusions of EBV-specific cytotoxic T-cell lines. Four patients who experienced EBV reactivation had other viruses detected in the same blood sample by PCR (Human Herpes Virus 6: n ¼ 3; Varicella Zoster Virus: n ¼ 1).
Outcome and risk factors for EBV reactivation
With a median follow-up of 468 days (range, 92-1277) post UCBT among surviving patients, 21 patients (64%) were still alive and the OS was 62% at 3 years ( Figure 1c ). In all, five patients died of disease progression and seven patients died of transplant-related complications. One patient died of LPD. There was no statistically significant difference in terms of OS or TRM between those patients who experienced an EBV reactivation after UCBT and those who did not (OS: log rank test, P ¼ 0.33, TRM: Gray test, P ¼ 0.82). Univariate analysis for risk factors associated with EBV reactivation is shown in Table 3 . Because of relatively small number of events, multivariate analysis was not performed. There were no risk factors found to be significantly different between subgroups with and without EBV reactivation.
Discussion
This study assessed the incidence and features of EBV reactivation and EBV-related LPD in a single centre series of 33 adult patients receiving RIC UCBT. To our knowledge, only two large studies so far reported the incidence of EBV-related complications after UCBT in adult patients. In the first study, Barker et al. 8 investigated the incidence of EBV-LPD after UCBT in 272 patients at the University of Minnesota between August 1993 and December 1999 and found a cumulative incidence of 2% at 2 years, which was comparable to the conventional unrelated BM and PBSC HSCT. All five patients who developed LPD received ATG as a part of the myeloablative conditioning regimen. In a second study, Brunstein et al. 9 investigated the incidence of EBV-related complications after a RIC UCBT, and they reported an unexpectedly high incidence of 7%, which was significantly associated with the use of ATG in the conditioning regimen. The incidence of EBV-related complications was as high as 21% when the RIC regimen included ATG compared with 2% in patients treated with conditioning regimen not including ATG. Our study confirmed the finding of a relatively high cumulative incidence of EBV-LPD around 6% after UCBT in patients receiving a RIC regimen. In our series, EBV reactivation occurred in 25% patients (2 of 8 patients) who received ATG, as compared with 12% (3 of 25 patients) in the remaining patients. Also, LPD developed in two patients, of whom one patient received ATG and the other patient did not receive ATG. However, these small numbers do not allow us to draw conclusions on the role of ATG as a risk factor for EBV reactivation and EBV-LPD in the context of RIC UCBT. However, our data from the study of 175 consecutive patients who underwent RIC allo-HSCT in our institution confirmed ATG to be an independent risk factor for the development of EBV reactivation.
In this study, both of our patients who developed EBV-LPD were severely immunosupressed while receiving highdose corticosteroid therapy at the time of occurrence of EBV-LPD. One of these two patients rapidly progressed and died from the EBV-related LPD, in line with previously reported high-mortality rates of EBV-LPD. 19 In the other patient, EBV-LPD could not be controlled with chemotherapy and radiotherapy. However, this patient responded to two infusions of EBV-specific CTLs. 20 LPD after HSCT typically occurs within the first 6 months post transplant, before reconstitution of the EBV-specific cytotoxic T-cell response. 7 In the first patient, EBV-LPD occurred late after UCBT (at 9 months post UCBT), highlighting the concern of a relatively slow immune reconstitution after UCBT. 21, 22 However, immunosuppressive treatment at the time of the occurrence of EBV-LPD could have altered the specific immune recovery, as previously reported for CMV in the same setting. 23 All patients from the current report were screened weekly by DNA-PCR for EBV. Preemptive treatment with rituximab was started when the EBV-DNA level exceeded 1000 copies per 10 5 cells on more than one occasion as recently described by Blaes et al. 15 With this strategy, EBV reactivation, defined as a viral load of 1000 copies per 10 5 cells, was detected in five patients for a cumulative incidence of 9 and 17% at 6 months and 2 years, respectively, after RIC UCBT, which is comparable to the incidence reported after RIC BM and PBSC HSCT. 24, 25 This is also comparable with the cumulative incidence of EBV reactivation that we reported for 175 consecutive patients who received RIC allo-HSCT in our institution (15% at 6 months). However, with the strategy of preemptive treatment of EBV reactivation, none of these patients developed EBV-LPD. Once again this highlights the role of slower and insufficient immune recovery after UCBT in the pathogenesis of EBV reactivation.
Interestingly, with DNA-PCR screening, viral coinfection with Human Herpes Virus 6 was detected in three of our five UCBT patients with EBV reactivation. This finding could be in correlation with results from in vitro studies, which indicated that Human Herpes Virus 6 has a crucial role in switching EBV from latency to activity in EBVpositive human B-cells. 26 In one of these five patients, EBV load was elevated to levels superior to 1000 copies only once and normalized spontaneously, before initiation of preemptive rituximab. Interestingly, among the five patients, this was the only patient who had a normal T-lymphocyte count, further highlighting the role of specific T-cell immunity in controlling EBV reactivation. 20 Among four patients who received rituximab, the response rate appeared to be similar to that previously reported in the literature, with efficient and sustained control of EBV viral load in 50% of cases. 27 EBV-related LPD after myeloablative allo-HSCT is almost exclusively derived from donor B-cells. As most neonatal donors are EBV naive, the onset of EBV-related LPD was initially thought to be less likely or much lower after UCBT. However, retrospective studies so far, including ours, showed that UCBT recipients had an EBV-related LPD incidence comparable or even higher, particularly in the RIC setting. These paradoxical results suggest that primary EBV infection must be transmitted to the engrafted donor cells by the reactivated EBV in the host B-cells, which arise in a higher number after a nonmyeloablative conditioning, followed by an impaired cytotoxic T-cell response. Determining the origin and pathogenesis of EBV reactivation was not one of the aims of this study, but this remains an important and intriguing question that deserves further investigation.
Recent evidence-based guidelines recommended weekly screening of EBV-DNA for at least 3 months in high-risk allo-HSCT recipients. 7, 28 In addition, an ever growing number of studies suggested that preemptive therapy with rituximab may be highly effective in controlling viral proliferation and avoiding progression into EBV-related LPD. 29, 30 Of note, the efficacy of rituximab was mainly observed in the preemptive setting, but to a lesser extent once EBV-related LPD was fully established. In those rituximab-resistant patients, chemotherapy with regimens used in lymphoma, such as CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone), remain a treatment option with overall response rate of 65%. 31 In patients who progress after initial maneuvers, options include T-cell therapies using EBV-specific cytotoxic T-cell lines generated using EBV-transformed lymphoblastoid B-cell lines. 20 However, despite their efficacy and good safety profile, the use of CTLs is still restricted to few transplant centers worldwide.
Overall, this study shows the rate of EBV reactivation after RIC UCBT to be comparable to the incidence expected with RIC PBSC or BM mismatched transplants. Despite small numbers, our observations support the need for close EBV monitoring and the use of preemptive rituximab treatment as some cases may progress to LPD requiring additional interventions such as EBV-specific CTLs. 
